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By Harold Gold and DavFd M. Straight 

A fuel-distribution control for continuoue-flow mnifold injection 
on reciprocating engines f a  described. A method of iwtalhtion of 
the control on an engine is suggested. The device  controlled the flow 
to f o u r  spring-loaded nozzles within 2 percent of perfect distribution 
over a w i d e  range of fuel-flow rates and the distribution wae practi- 
cally unaffected bg uneven discharge-nozzle ~ ~ E S U I W E .  

In the course of em investigation at the NACA Cleveland laboratory 
of the  distribution of f u e l  to the varfoue nozzles of gas-turbine 
engines, a method was devised for accurately  divfding  the f u e l  flow 
into a number of equal streants. Thie method has proved to be 80 simple 
and accurate  that  its  application as a means for controlling f u e l  die- 
tribution in continuous-flow  manifold-Injection  ayetern for rectpro- 
caking engines agpears possible. 

In previous attempts to amploy the continuous-flaw mnifold- 
injection system, fuel ntanifolds have been used to feed the individual 
discharge nozzleB. If the  fuel  manifold is l a rge  and sgmmetrical,  the 
effect of f l u i d  friction is negligible and the f u e l  reaches all the 
discharge nozzle8 at the same static pressure. If a l l  the nozz le s  
have the same area and equal coefficients at a l l  flow ratee, the rate 
of flow through the  discharge nozzle w i l l  a t  all be equal. The 
complexity imposed on the nozzle  by the need for a well-atomized 
discharge, however, introduce8 8fmemional and frictional  effect8  that 
make the equalizing of fuel-flow rake through the nozzles over a 
wide  range of fue l  f l o w s  extremely dilYicult.  With the relatirely low 
preseures  used uith current pressure-tp fuel-mtering controls for 
?2eCiprOcatin@; engfnes, differences in nozzle elevations and inertla 
forces rParkedIy affect the fuel distribution. In addition, with a l l  
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f u e l  pm~eure8 ,  th  mlfunctioning of one nozzlo can greatly disturb 
fue l - f low rates to the G t h r  mzzS.es. By mane of ths dletributlon- 
c m t r o l  m e t h ~ d  described, these affecks a n  be entirely overcome. 

The principle of o p r a t i o n  of the f u e l - d i e t ~ ~ i b ~ ~ t ~ o n - c ~ ~ n t r o l  
method, a 81,lggeeted method of eqino  inet .a l lnt ion,  a d e 8 ~ i ~ i p t f o n  of 
a model b u i l t  for i n i t i a l  bench checking, azld the resu l t s  of the 
bench check am presented. 

Control method. - I f '  mat&ed metering je te  w e r e  placed upetream 
02' thFdischarge nozzles i n  ea& branch C J ~  a r u e 1  manifold, the e t a t l c  
preenure of the f u e l  on the upstream eide of the j e t e  wou7.d be equal 
in  oach branch but the downstream e ta i , i a  ~ F G B ~ w ~  would ba affected b:r 
the discharge nozzle and tha fueL d.istrlbh.iion would not be improved. 
IT, however, automatic m l v o s  were glaced between the Metering j e t e  
and tho diecharge nozzles tJ llaaintaln equal e t a t i c  pressures on the 
dometream  aide of t he  metering je te  in each branch, the dla tr ibut lon  
would be controlled by the- metering ? e t e  and would be unaf?er,ted by 
the diecharge nozzles. Such a system, schomafioally &own in figure I, 
is the bmis of the f u e l - d i s t r f b u t l m  control developed during t h i s  
investigation. 

- 

Control mechanim. - A schematic diagram of the Pml-dietribution 
control is presented in figure 2. Fuel  is dal . ivered to th i a  control 
under preeeure from a presa.ure-type metaring control (not ahown). The 
fue l  flowe through the i n l e t  and filler the man!fold passap. Fm~a  the 
manifold pase-age +,he fue l  2'10~s into the. indiyi.dmL. manifold branchea 
and through the branch mstering j e t e  and the d a m a t r e a m  presetwe- 
regulating valves t o  the individual branch disiharge nczzles. Fuel 
a180 f l m e  from the -€fold passage inta the  p i l o t  branch, through 
the p i l o t  metering j e t  a d  the  pilot  regulator j e t ,  t o  tho pilot 
discharge  nozzle. 

_I_ 

If the  branch d i m h a r p - n o z z l e  pre83suree &?-e equal t o  the pi lo t  
di8charge-nozzle preseure, the etatic-pressure drop acrmc each of 
the downstream  pressure-redulating valve8 will be equal to the   e ta t ic-  
preseure drop acroes the pilot regulator .jet. The open area of the 
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valves w i l l  then be proportional to the area of the  pilot   regulator 
jet and this area will remain ffxed at all fuel-flow rates. If any 
one branch  discharge-nozzle pressure ehould r l e e  above the p l l o t  
diecharge-nozzle pressure, the downstream pressure-regulatfng valve 
in the branch  supplying that nozzle-would have a reduced static- 
preesure &rop and would move t o  a poeition of larger opening. I3 
any one branch discharge-nozzle  pressure ~ h o u l d  fall b e l o w  the p i lo t  
discharge-nozzle preseure, the reverse would occur.   In  ei ther case 
the static-preesure drop acroes the matering j e t  remains equal to 
the drop acmes  the p f l o t  naeterhg jet and the fuel dist r ibut ion iB 
undisturbed. 

The flow from the pilot branch can diecharge  into the engine 
intake zlusnf.fold supplying one cglinder . Because of the dependence 
of the   ent i re  system, however, OR the flow in the p i l o t  branch, it 
may be  advieable t o  r e tu rn  the g i l o t  flow t o  the f u e l  tank as 

. fndicated i n  figure 2. 

Description of experimantal model. - A photograph of 
mental model of the four-branch fuel-distribution  control 

the expert- 
used in the 

bench runs is ahown in figure 3. The control diaphragms are mounted 
on four faces of a cube. 21 operation, the control is so mounted that 
the control diaphragm are each in a vertical plane, which ellminates 
the ef fec t  of the valve-plug w e i g h t  on the  pressure i n  chamber B. 
Other arrangesnsnts can be used but the w e i g h t  of the plugd must always 
be made t o   a c t  in the ~ ~ a m e  direction OR a l l  the valves. The p i l o t  
metering and regulator  jete were in a separate housing, which is not 
&own i n  f f g u r e  3. 

Matching of metering j e t s .  - The metering jets used in  the exper- 
Wnta l  model were drf l led and then placed i n  a Raw-tgpe orifice 
comparator. (See reference 1.) WhFle in  the comparator, the four  
jets were  matched by poliehing with crocu8  cloth. After the jets were 
matched on the comparator, a ?low check was made vi t h  naghtha . The 
results of the flow check ( f ig .  4 )  ahox that the four jete which were 
naatched in  the camparator give nearly identical flows oper a wide 
range of metering heads. 

Bench spparatue. - The apparatus ueed w i t h  the  experimental model 
of the fuel-distrlbution  control ia ahm 8chen;atically in figure 5 
and photographically i n  figure 6. Total-fuel-flow rate to the distri- 
button control was measured with a rotamster  having a range of 200 t o  
2000 pounds per hour. The fuel flowing through each branch passed 
through a rotazneter having a range of 4 G  t o  200 pounds per hour. Above 



a t o t a l  fuel flow of 800 potznde per hour,therefclre,  only  the total- 
flaw rotamster oould be used. From the branch rotametera  the fuel 
was discharged through four diaphragm-operated,  spring-loaded nozzlee. 
One of the four  nozzles -8 vented t o  a variable-pressure air line i n  
order that its discharge presaure could be varied. A well-type 
mercury manometer m8 umd t o  meaaure the discharge-nozzle preeeure. 
The f o u r  branch  robmetere were calibrated in  aerie8 a f t e r   imta l l a t ion  
on the bench apparatus. The calibration was recorded by plotting  the 
float position of each rotamster in millimetere again& the fuel-flow 
rate in  pounds per hour &8 indicated by one of the f o u r  rotametere. 
The fuel f low through the p i lo t  branch was measured w f t h  a ro tmeter  
having 8. range of 3 t o  25 pounde per hour. 

The preesure drop acroaB  each of the metering j e t s  was meaeured 
with a 100-inch naphtha manometer. Each chamber B wa8 connected t o  
one tube of a bank of four tubes that waa arranged BB ahown i n   f i g -  
ure 5 .  The d i f  f erencea i n  the level of the fuel i n  the f o u r  tube 8 
indicated  the  differencea in s t a t i c  pmseure in the four  chambers B 
and thereby  the  accuracy w i t h  which the damstream presmre-regulating 
valves were f u n c t t a n g - .  

The fuel was naphtha 
perature of 70' F . 

Engfne instal la t  ion. 
distribution  control on a 
The metering  control must 

used 
on a 

having a specific gravity of 0.74 at a tem- 

- A suggested method of inatal la t ion of the 
reciprocating engine is ohown i n  figure 7.  
be of the pressure type. 

Discharge-nozzle  calibration. - The discharge nozz le s  that were 
in the bench rune on the experimental model were f i r a t  operated 
manifold t o  determine the a b i l i t y  of the nozzles  t o  die tr ibute  

the f u e l  equally. The results of this calibration, which are aham 
i n  figure 8, indicate a maximum deviation of 30 percent from perfect 
dist r ibut ion.  

Pe r fomnce  of experlmsntal model .  - The bench performance of 
the  experimental model of the fuel-dietribution control l e  shown in 
figure 9. In the range of total fue l  flaw from 180 t o  300 p o m e  per 
hour, the deviation of any branch flow from per fect  distrfbution was 
less tban 2 percent. Above a t o t a l  fuel flow of 300 pounds per hour, 
the  deviation waB leas  than 1 percent. Although branch-rotameter 
ranges limited the maximum recorded b m c h  f u e l  flow, uae of' the 
total - f low  rotmter   a lone extended the to t a l - fue l - f low range to the 
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limit of 1260 pounds per hour impsed bg the bench apparatus. Com- 
pmI8on of the pressure8 in  chambers 3 i nd ica t ed  th&t the. E & ~ B  accurac~ 
of control wae maintained over thF8 adclitioaal range. Comparison of 
the results shown in  figuree 8 and 9 clearly indicate8 the marked 
improvelnsnt that can be obtained uith thle  type of automatic f u e l -  
distribution  control. 

In order to demonatrate the ab i l f ty  of the experimental m A e l  
to compensate f o r  uneven nozzle pressures, the discha~*ge preesure of  
one of the four nozzle8 xed6 varied from 3 t o  13.8 inches of mercury 
gage while the three others were b p t  at  an approxi.=tely constant 
preesure of II inches of mercury gage. The flow through the Control. 
wae kept conetant at 370 pounds per hour. The result8 of this  run, 
which are given In ffgure 10, show that the branch-fuel-flow rake 
remained constant wfthin 3 percent over the entire  range of nozzle 
pressures from 3 t o  13.3 Inches of mercury gage. Above a preseure 
of 13.3 inches of mercury gage, the downstresm pressure-regulating 
valve i n  that branch began t o  lose control. The fuel-i i ietribution 
control can be m d e  to compeneate f o r  a mtrch wider ra-0 of uneven 
nozzle pressures at  any pressure level by altering the dimensions of 
the downstream preeaure-regulating valve and the size of the pilot 
regulator Jet. 

From a bench invest-tlon of an experimental node1 of a fuel- 
distribution  control f o r  a reciprocsting engine, the following  results 
were obtained : 

1. The experimental model controlled the f uel-flow rate to four 
unmatched diecharge nozzles  wTthinf2 percent of perfect dist r ibut ion 
at a total-f lar r a t e  of 180 to 1260 pounds per hour. 
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2. The e x p r h n t a l  m d e 1  maintained the f u e l - f  law rctte through 
a discharge nozzle wlthin 3 percent of a constant value while the 
discharge-nozzle pressure was varied from 3 to 13.3 inchee of msrcury 
-@;e 

Flight Propulsion Research Laboratory, 
National Adviaory Cannnittee f o r  Aeronautfcs, 

Cleveland, Ohio. 

1. Anon.: Inetruction Manual D-3217 f o r  Operation of Orifice Cornpalator- 
Navy !Q-pe Model 111, Bureau of Aemnautloe. Instruction Manual 
D-3217, The &riam Instr. Co. (Cleveland), Jan. 10, 1944. 
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Figure 4. - Variation of fuel flow with metering head for 
matched metering  jets used in experimental model of fuel-  
distribution control. Fuel specific gravity, 0.74 at 70° F. 
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F i g u r e  5. - S c h e m a t i c  d i a g r a m  o f  a p p a r a t u s  w i t h  e x p e r i m e n t a l  
m o d e l  o f  f u e l - d i  s t r i b u t i o n  c o n t r o l .  
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F i g u r e  7. - S c h e m a t i c  d i a g r a m  s h o w i n g  s u g g e s t e d  m e t h o d  o f  
i n s t a l  lation o f  f u e l - d i  s t r i b u t i o n  c o n t r o l  o n  r e c i p r o c a t i n g  
e n g i n e .  
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I Total fuel flow, lb/hr n 
Figure 9 .  - Deviation from perfect distribution e t  various fuel rlows of spring-loaded nozzles p 
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a m e a t e d  to experimental model of fuel-di'strlbution control. 
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Figure 1 0 ,  - Effect of varying discharge-noccle pressure on 
branah fue l  flow of experimental model of fuel-distributlon 
control. Three discharge nozzles held a t  11.3 inches of 
mercury gage; total  fuel flow, 370 pounds per hour. 
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